well as the engineers at the companies working with us the important elements of the design of such a system. One of the more important lessons learned was the difficulty, and importance, of getting different manufacturer's systems to work together. Staff at HUP were, and still are, active in the development of the standards we now know as DICOM.
At the same time we were learning how to build and connect the hardware, we began studying how clinicians were (or were not) using the systern.v' Among the many things studied, was the elapsed time between when a study was ordered till a clinical action (related to that study) was begun. Our hypothesis was that PACS, because of its faster tum around time, would shorten that time as compared to the use of conventional film. To our surprise there was little difference in time regardless of whether film or electronic imagery was used ... it appeared as though the PACS system had no clinical impact. On closer inspection, however, we found that the reason for the apparent lack of impact was a lack of education and the difficulty in changing habits. The clinicians were accustomed to waiting several hours-even for a "stat" film-and would simply not look at the monitors till the expected time had passed."
Our confidence in the clinical utility of PACS was soon restored in the clinical activity in a subsequent experiment. In that experiment we planned to disconnect the workstations (simply pull the cable connections) and have the clinicians revert to exclusive film use. Within hours after the planned month long study the house officers had figured out how to reconnect the workstationsthey didn't want to go back to film.
As these experiments were underway, other sections of the Department began going digital." The Ultrasound section, working with ATL and then Novasonics, was the first to go filmless. Dataports in all the ultrasound suites and throughout the Emergency Department enable direct transmission to workstations in the reading room. The ultrasound section has its own optical disk archive. The system uses a proprietary image format and as FILM LESS RADIOLOGY AT HUP yet images can not be shared with other networks or workstations elsewhere in the hospital.
The MR section began a collaboration with GE to develop a workstation optimized for crosssectional imaging. In addition to the usual multiformat display and basic image manipulation capabilities, fast and flexible 3D reformat and 3D reconstruction routines were added. These have proven particularly useful for MR and CT angiographic studies and for analysis and measurement of complex anatomy.
The Emergency Department became digital with the installation of two Fuji AC3-cs computed radiography devices-one in the trauma bay and one in the central ED. The same workstations developed for CTIMR were initially used, but were exchanged for display stations developed by Loral. Images were stored on a magneto-optical disk system developed by AGFA and distributed by GE.
An AC3 was then installed in the inpatient area and a separate AC3, a dedicated chest and a dedicated table unit, (all manufactured by FUJI) were installed in the outpatient area.
The Digitization of the Department was completed with the installation of a PACS system initially developed by Loral and now produced by GE. The elements of this system include: an Image Storage Unit (lSU) with a 256 gbyte RAID shortterm archive, a 2 terabyte long-term archive, and an internal database (SYBASE). A unique feature of this system is the use of fiber optics to link the ISU to the display stations. There is no local image storage at the display stations-all data is sent and updated from the ISO. The advantage of this architecture is that any image can be viewed at any display station at any time and collaboration among physicians is facilitated. (This is contrasted with systems that use workstations with local storage. In these the system administrator tries to guess which workstation will be used by which Radiologist so that appropriate images can be sent to where the appropriate Doc will be. Problems arise when work habits change, physicians move, or colleagues must be consulted. The images either have to be moved from one station to another or resent from the central store, and in the middle of a busy day with much network traffic this can be a lengthy process. The disadvantage is the cost of threading the fiber. There is currently 19 display stations connected via fiber to the ISU and additionally there are 10 of the CTIMR workstations connected via DICOM gate- Image acquisition devices (eg, MR, CT, CR, and so on) connect to the ISU via DICOM Gateways. Currently all image acquisition devices, with the exception of those in the Ultrasound, Nuclear Medicine, and Angiography sections, send their images to the ISU for archive and distribution to the workstations. We expect to include those devices into the PACS system this summer. The short term archive has sufficient capacity to store approximately 2 months of data and are maintained in original format (ie, full resolution and bit length). Studies are removed to the long term archive on a first in/first out basis, but are not removed from the short term archive unless a report has been dictated. The long term archive is a Kodak optical jukebox with approximately 2 terabyte capacity. Crosssectional images are stored at original resolution, however, CR images are compressed at a 10:1 ratio using a wavelet compression algorithm. The compression is lossy; however, all images in the long term archive have been read by a radiologist in the Department and are primarily retrieved for comparison with current studies. A schematic of the current system is shown in Fig 1. In addition to the workstations in the Department, we have also placed workstations, connected via fiber cable, in the Intensive Care Units, the trauma bay, and the Emergency Department. These units have two 1280 X 1024 resolution monitors but are otherwise identical to those in the Radiology Department.
A major impetus for the implementation of the PACS system was the high rate of "lost" films. By "lost" we do not mean that a film has permanently disappeared (a relatively rare event), but rather we mean that when needed (to compare with a current film or to consult with a clinician) the film is somehow not available. Such films are often found days later in surgical on call rooms or attending offices (including those of both Radiologists and our Clinical colleagues) or misfiled in the film library. On the theory that you can't lose what you don't have, the ultimate elimination of film should go a long way towards eliminating the problem of lost films.
We have found that we are as efficient at "losing" films that patients bring from other facilities as we are at "losing" films that we generate ourselves. To eliminate that, we have placed film digitizers in the film library. When a patient brings films we immediately digitize them, send them to the ISU to be merged with the current studies, and immediately return the films to the patient.
We also use the digitizers (we have a total of 5-2 in our on-site film library and 3 in our remote (long term) film archive) to bring prior studies into the digital system. When a patient is scheduled, a film librarian pulls the patient folder, scans and digitizes the latest study of the same type being scheduled, and sends it to the ISU to be merged with the study that has been scheduled. The patient folder is returned to the shelf and never leaves the file room (another strategy to eliminate lost film).
An important consequence of becoming a digital department ("going filmless") is the need to provide images to the referring physicians. While some of our colleagues are willing to come to the Radiology Department, most are too busy, or too far away, to visit and need the images delivered. To satisfy this need, we have implemented a WEBbased technique that uses standard browsers (eg, Netscape, Internet Explorer) on ordinary PCs. The past two months of images and reports are maintained on-line, with images available as soon as acquired and reports added as soon as they are transcribed. PC workstations have been placed throughout the hospital and into the offices of our Clinical Associates (The Health System will ultimately distribute over 2000 PCs). Using password protection and SSL encryption techniques, we extend this access to the offices and even homes of all referring physicians. With this approach we are able to reduce, and perhaps eventually eliminate, film. We will, of course, maintain the ability to print studies to film for those patients leaving our system or consulting with physicians out of our system.
Our immediate future goal is to extend these capabilities to our other owned and affiliated hospitals in order to create a true Enterprise Radiology Department. The total Enterprise currently performs nearly one million studies per year and the goal will be to create an environment in which studies acquired at any location can be reviewed by any Radiologist and clinician anywhere in our system. Immediate challenges will be to ensure a network capable of handling such traffic and ar-FILMLESS RADIOLOGY AT HUP chives capable of storing and retrieving the enormous amounts of data (at least 16 terabytes per year, rising to about 50 terabytes per year when digital mammography becomes a reality) reliably 109 and quickly. Keeping track of patients and patient data will also require significant advances in RIS capabilities and tight integration of the RIS, HIS and PACS systems.
